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(54)  Display  apparatus  with  flat  display  panel 

(57)  A  plasma-display-panel  display  apparatus 
includes  a  flat  display  panel  having  a  plurality  of  address 
electrodes  (21)  and  a  plurality  of  scanning  electrodes 
(11)  extending  transversely  to  the  address  electrodes 
and  disposed  in  confronting  relation  to  the  address  elec- 
trodes  with  a  discharge  space  defined  therebetween.  A 
scanning  electrode  driver  (32)  successively  supplies 
scanning  pulses  to  the  scanning  electrodes(1  1)  with 
scanning  timing,  and  an  address  driver  (34)  supplies 

address  pulses  according  to  display  data  to  the  address 
electrodes  (21)  in  synchronism  with  the  scanning  tim- 
ing.  The  address  electrodes  include  first  and  second 
address  electrodes  (Ai,  Ai+1)  disposed  adjacent  to  each 
other.  The  address  pulse  applied  to  the  first  address 
electrode  (Ai)  rises  and  the  address  pulse  applied  to  the 
second  address  electrode  (Ai+1)  falls  with  a  predeter- 
mined  time  difference  therebetween. 
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Description 

The  present  invention  relates  to  a  display  apparatus 
having  a  flat  display  panel,  and  more  particularly  to  an 
improvement  in  a  driver  circuit  which  requires  reduced  5 
electric  power  consumption  for  energizing  address  lines 
or  data  bus  lines  in  such  a  display  apparatus. 

Flat  display  panels  include  an  AC-type  plasma  dis- 
play  panel  (hereinafter  referred  to  as  a  PDP  ),  a  DC-type 
PDP,  a  liquid  display  panel  (LCD),  and  an  electrolumi-  w 
nescent  (EL)  panel.  A  feature  common  to  these  display 
panels  is  that  data  signals  representing  display  data  are 
supplied  from  a  driver  circuit  to  a  plurality  of  vertical 
address  lines  (or  data  bus  lines)  and  a  plurality  of  hori- 
zontal  scanning  lines  are  successively  energized  to  dis-  15 
play  the  display  data  at  pixels  positioned  at  the  points  of 
intersection  between  the  address  lines  and  the  scan- 
ning  lines. 

When  the  scanning  lines  are  successively  ener- 
gized  downwardly  and  the  data  signals  representing  20 
display  data  on  the  respective  scanning  lines  are 
applied  to  the  address  lines,  the  address  lines  are 
charged  from  an  L  level  to  an  H  level  and  discharged 
from  an  H  level  to  an  L  level.  When  an  image  which 
comprises  a  zigzag  grid  pattern  of  energized  pixels  25 
(white  pixels)  and  de-energized  pixels  (black  pixels)  is 
displayed,  the  address  lines  are  charged  and  dis- 
charged  between  H  and  L  levels  each  time  a  shift  is 
made  from  one  scanning  line  to  another  scanning  line. 
With  respect  to  any  adjacent  two  of  the  address  lines,  30 
one  of  the  address  lines  is  charged  and  the  other  dis- 
charged. 

The  conventional  driver  circuit  for  energizing  the 
address  lines  energizes  the  address  lines  to  an  H  level 
or  an  L  level  during  a  period  in  which  a  scanning  pulse  35 
is  applied  to  a  scanning  line.  In  a  next  scanning  period 
in  which  a  scanning  pulse  is  applied  to  a  next  scanning 
line,  the  driver  circuit  energizes  the  address  lines  simul- 
taneously  to  an  H  level  or  an  L  level. 

When  the  address  lines  are  energized,  a  predeter-  40 
mined  amount  of  electric  power  is  consumed.  The 
amount  of  electric  power  which  is  consumed  needs  to 
be  as  small  as  possible  for  PDPs  that  effect  a  plasma 
discharge  for  image  display.  LCDs  for  use  in  portable 
computers  are  desired  to  consume  a  reduced  amount  of  45 
electric  power. 

It  is  therefore  desirable  to  provide  a  display  appara- 
tus  having  a  flat  display  panel  which  consumes  a 
reduced  amount  of  electric  power.  In  particular,  it  is 
desirable  to  provide  a  display  apparatus,  such  as  a  PDP  so 
display  apparatus,  having  a  flat  display  panel  (PDP) 
which  requires  reduced  electric  power  consumption  for 
energizing  address  electrodes. 

The  inventor  has  noticed  that  when  address  lines 
are  energized,  capacitances  between  address  elec-  55 
trades  and  scanning  electrodes  confronting  the  address 
electrodes  are  charged  and  discharged,  and  also 
capacitances  between  adjacent  address  electrodes  are 

charged  and  discharged,  and  has  found  a  process  of 
reducing  the  amount  of  electric  power  required  to 
charge  and  discharge  the  capacitances  between  the 
adjacent  address  electrodes  by  improving  the  wave- 
forms  of  drive  pulses  for  the  address  electrodes. 

For  displaying  a  zigzag  grid  display  pattern, 
described  above,  a  capacitance  between  adjacent 
address  lines  is  charged  from  one  of  the  address  lines 
and  simultaneously  discharged  to  the  other  address 
line,  and  hence  the  capacitance  consumes  a  twofold 
amount  of  electric  power.  The  inventor  has  found  that 
the  consumed  amount  of  electric  power  can  be  reduced 
to  one  half  at  most  by  forming  a  closed  loop  between 
the  adjacent  address  lines  through  a  power  supply  line 
(connected  to  a  power  supply  or  a  ground).  The  princi- 
ples  of  the  process  found  by  the  inventor  will  be 
described  later  on. 

An  embodiment  of  the  present  invention  may  pro- 
vide  a  display  apparatus  comprising  a  flat  display  panel 
having  a  plurality  of  address  electrodes  and  a  plurality 
of  scanning  electrodes  extending  transversely  to  the 
address  electrodes  and  disposed  in  confronting  relation 
to  the  address  electrodes,  a  scanning  electrode  driver 
for  successively  supplying  scanning  pulses  to  the  scan- 
ning  electrodes  with  scanning  timing,  and  an  address 
driver  for  supplying  address  pulses  according  to  display 
data  to  the  address  electrodes  in  synchronism  with  the 
scanning  timing,  wherein  the  address  electrodes 
include  first  and  second  address  electrodes  disposed 
adjacent  to  each  other,  and  the  address  pulse  applied  to 
the  first  address  electrode  rises  and  the  address  pulse 
applied  to  the  second  address  electrode  falls  with  a  pre- 
determined  time  difference  therebetween. 

The  address  driver  may  energize  the  address  elec- 
trodes  such  that  the  address  pulse  applied  to  the  sec- 
ond  address  electrode  starts  falling  a  predetermined 
time  after  the  address  pulse  applied  to  the  first  address 
electrode  starts  rising. 

Alternatively,  the  address  driver  may  energize  the 
address  electrodes  such  that  the  address  pulse  applied 
to  the  first  address  electrode  starts  rising  a  predeter- 
mined  time  after  the  address  pulse  applied  to  the  sec- 
ond  address  electrode  starts  falling. 

The  address  driver  may  also  energize  the  address 
electrodes  such  that  the  address  pulse  applied  to  the 
second  address  electrode  starts  falling,  after  the 
address  pulse  applied  to  the  first  address  electrode  fin- 
ishes  rising. 

Alternatively,  the  address  driver  may  also  energize 
the  address  electrodes  such  that  the  address  pulse 
applied  to  the  first  address  electrode  starts  rising  after 
the  address  pulse  applied  to  the  second  address  elec- 
trode  finishes  falling. 

The  address  driver  may  generate  the  predeter- 
mined  time  difference  by  energizing  the  address  elec- 
trodes  such  that  the  address  pulses  applied  to  the  first 
and  second  address  electrodes  rise  at  a  gradient 
smaller  than  a  gradient  at  which  the  address  pulses 
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applied  to  the  first  and  second  address  electrodes  fall. 
Alternatively,  the  address  driver  may  generate  the 

predetermined  time  difference  by  energizing  the 
address  electrodes  such  that  the  address  pulses 
applied  to  the  first  and  second  address  electrodes  rise  s 
at  a  gradient  larger  than  a  gradient  at  which  the  address 
pulses  applied  to  the  first  and  second  address  elec- 
trodes  fall. 

According  to  another  embodiment  of  the  invention, 
there  is  provided  a  PDP  display  apparatus  comprising  a  10 
flat  display  panel  having  a  plurality  of  address  elec- 
trodes  and  a  plurality  of  scanning  electrodes  extending 
transversely  to  the  address  electrodes  and  disposed  in 
confronting  relation  to  the  address  electrodes  with  a  dis- 
charge  space  defined  therebetween,  a  scanning  elec-  is 
trade  driver  for  successively  supplying  scanning  pulses 
to  the  scanning  electrodes  with  scanning  timing,  and  an 
address  driver  for  supplying  address  pulses  according 
to  display  data  to  the  address  electrodes  in  synchro- 
nism  with  the  scanning  timing,  wherein  the  address  20 
electrodes  include  first  and  second  address  electrodes 
disposed  adjacent  to  each  other,  and  the  address  pulse 
applied  to  the  first  address  electrode  rises  and  the 
address  pulse  applied  to  the  second  address  electrode 
falls  with  a  predetermined  time  difference  therebe-  25 
tween. 

The  address  driver  may  be  designed  such  that  the 
predetermined  time  difference  is  effective  to  substan- 
tially  reduce  an  amount  of  electric  power  consumed  by 
the  address  driver  to  charge  a  capacitance  between  the  30 
first  and  second  address  electrodes. 

Reference  will  now  be  made,  by  way  of  example,  to 
the  accompanying  drawings  in  which: 

FIG.  1  is  a  plan  view  of  the  structure  of  a  PDP  of  a  35 
display  apparatus  embodying  the  present  invention; 
FIG.  2  is  a  fragmentary  cross-sectional  view  of  the 
structure  of  the  PDP; 
FIG.  3  is  a  block  diagram  of  the  display  apparatus 
which  includes  the  PDP  and  a  driver  circuit  therefor;  40 
FIG.  4  is  a  diagram  showing  drive  pulse  signals 
applied  from  the  driver  circuit  to  respective  elec- 
trodes; 
FIG.  5  is  a  diagram  showing  a  pattern  which  is  dis- 
played  when  charging  and  discharging  take  place  45 
most  frequently; 
FIG.  6  is  a  circuit  diagram  of  an  equivalent  circuit  at 
the  time  a  capacitance  Ca  between  adjacent 
address  electrodes  is  charged  and  discharged; 
FIG.  7  is  a  diagram  of  drive  pulse  signals  in  an  so 
address  period  for  a  zigzag  grid  display  pattern; 
FIG.  8  is  a  circuit  diagram  of  an  equivalent  circuit  for 
determining  an  amount  of  consumed  electric  power 
when  the  drive  pulse  signals  shown  in  FIG.  7  are  to 
be  applied  in  the  circuit  shown  in  FIG.  6;  ss 
FIG.  9  is  a  circuit  diagram  of  an  equivalent  circuit  at 
the  time  a  capacitance  Cg  between  an  X  electrode 
and  a  scanning  electrode  which  are  opposite  to  an 

address  electrode  is  charged; 
FIG.  10  is  a  diagram  of  drive  pulse  signals  applied 
in  an  address  period  to  the  capacitance  Cg  for  dis- 
playing  the  zigzag  grid  display  pattern; 
FIG.  1  1  is  a  diagram  showing  the  waveform  of  a 
charging  current  in  the  equivalent  circuit  shown  in 
FIG.  9; 
FIG.  12  is  a  circuit  diagram  of  an  equivalent  circuit 
illustrative  of  the  principles  of  the  embodiment; 
FIG.  13  is  a  diagram  showing  the  waveforms  of 
address  pulses  according  to  the  principles  of  the 
embodiment; 
FIGS.  14(a),  14(b),  and  14(c)  are  circuit  diagrams 
of  equivalent  circuits  corresponding  to  the  equiva- 
lent  circuit  shown  in  FIG.  8; 
FIG.  15  is  a  diagram  showing  various  relationships 
W1  ~  W7  between  the  waveforms  of  drive-pulses 
applied  to  adjacent  address  electrodes; 
FIG.  16  is  a  diagram  showing  relative  values  of 
electric  power  consumed  by  an  address  driver  in 
the  relationships  W1  ~  W7  shown  in  FIG.  15; 
FIG.  1  7  is  a  circuit  diagram  of  a  general  address 
driver  connected  to  address  electrodes; 
FIG.  18  is  a  diagram  showing  the  waveforms  of 
drive  pulses  applied  to  address  electrodes; 
FIG.  19  is  a  diagram  showing  the  waveforms  of 
drive  pulses  applied  to  address  electrodes; 
FIG.  20  is  a  diagram  showing  the  waveforms  of 
drive  pulses  applied  to  address  electrodes; 
FIG.  21  is  a  diagram  showing  the  waveforms  of 
drive  pulses  applied  to  address  electrodes; 
FIG.  22  is  a  diagram  showing  the  waveforms  of 
other  drive  pulses  applied  to  address  electrodes; 
FIG.  23  is  a  diagram  showing  the  waveforms  of 
other  drive  pulses  applied  to  address  electrodes; 
FIGS.  24(a)  and  24(b)  are  diagrams  showing  the 
waveforms  of  more  realistic  drive  pulses  for 
address  electrodes; 
FIG.  25  is  a  specific  circuit  diagram  of  the  address 
driver;  and 
FIGS.  26(a)  through  26(f)  are  diagrams  showing  the 
waveforms  of  drive  pulses  applied  to  address  elec- 
trodes. 

FIGS.  1  and  2  are  plan  and  fragmentary  cross-sec- 
tional  views,  respectively,  of  the  structure  of  a  PDP  of  a 
display  apparatus  embodying  the  present  invention. 
The  structure  of  the  PDP  will  be  described  below  with 
reference  to  FIGS.  1  and  2. 

The  PDP  has  a  front  glass  substrate  10  on  which 
there  are  disposed  scanning  electrodes  1  1  represented 
by  Y1  ~  Yn  and  X  electrodes  12  represented  by  X1  ~ 
Xn,  the  scanning  electrodes  1  1  and  the  X  electrodes  12 
alternating  with  each  other.  The  electrodes  1  1  and  the  X 
electrodes  1  2  are  covered  with  a  dielectric  layer  1  4.  The 
PDP  also  has  a  rear  glass  substrate  20  on  which  there 
are  disposed  address  electrodes  21  represented  by  A1 
~  Am  in  perpendicular  relation  to  the  X  electrodes  12 
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and  the  scanning  electrodes  11.  The  address  elec- 
trodes  21  are  covered  with  a  dielectric  layer  14.  Parti- 
tions  or  ribs  23  made  of  a  dielectric  material  are 
disposed  in  positions  between  the  address  electrodes 
21,  with  a  fluorescent  layer  24  being  disposed  on  the  5 
dielectric  layer  14  and  the  partitions  23. 

The  PDP  displays  an  image  as  follows:  A  voltage  is 
applied  between  the  address  electrodes  21  and  the 
scanning  electrodes  11  to  generate  a  plasma  dis- 
charge,  and  a  wall  charge  produced  with  the  plasma  10 
discharge  is  stored  on  the  surface  of  the  dielectric  layer 
14.  Thereafter,  sustaining  pulses  are  applied  alterna- 
tively  between  the  X  electrodes  12  and  the  scanning 
electrodes  1  1  to  repeat  sustained  discharges  between 
the  X  electrodes  12  and  the  scanning  electrodes  1  1  at  15 
pixels  where  the  wall  charge  is  stored.  The  sustained 
discharges  are  repeated  for  longer  and  shorter  times  to 
display  gradational  images.  Red,  blue,  and  green  fluo- 
rescent  layers  are  employed  to  display  color  images. 

FIG.  3  shows  in  block  form  the  display  apparatus  20 
which  includes  the  PDP  and  a  driver  circuit  therefor. 
FIG.  4  shows  drive  pulse  signals  applied  from  the  driver 
circuit  to  the  respective  electrodes. 

As  shown  in  FIG.  3,  a  control  circuit  35  is  supplied 
with  a  vertical  synchronizing  signal  Vsync,  a  horizontal  25 
synchronizing  signal  Hsync,  image  data  DATA,  and  a 
dot  clock  CLK.  The  control  circuit  35  has  a  display  data 
controller  36  which  samples,  the  image  data  DATA  with 
the  dot  clock  CLK  and  converts  the  image  data  DATA  for 
gradational  image  display,  and  stores  generated  image  30 
data  in  a  built-in  frame  memory.  The  display  data  stored 
in  the  frame  memory  are  sent  to  an  address  driver  34. 
The  control  circuit  35  also  has  a  scanning  driver  control- 
ler  37  which  outputs  a  predetermined  scanning  timing 
signal  to  a  scanning  driver  32  for  energizing  the  scan-  35 
ning  electrodes  Y,  and  a  common  driver  controller  38 
which  outputs  a  predetermined  drive  timing  signal  to  a  Y 
common  driver  33  and  an  X  common  driver  31  for  ener- 
gizing  respectively  the  scanning  electrodes  Y  and  the  X 
electrodes  which  are  connected  in  common.  40 

Energization  of  the  electrodes  for  displaying  an 
image  with  the  driver  circuit  shown  in  FIG.  3  will  be 
described  below  with  reference  to  FIG.  4.  As  disclosed 
in  U.S.  patent  No.  5,541,618,  for  example,  one  frame 
period  is  divided  into  a  plurality  of  subframe  periods  45 
each  comprising  a  resetting  period,  an  address  period, 
and  a  sustained  discharge  period.  In  the  resetting 
period,  a  resetting  pulse  Vw  is  applied  to  all  the  X  elec- 
trodes  for  forcibly  generating  a  plasma  discharge 
between  the  X  electrodes  and  the  scanning  electrodes,  so 
Because  of  a  potential  developed  by  charges  which  are 
generated  by  the  plasma  discharge,  discharges  are 
caused  again  between  the  X  electrodes  and  the  scan- 
ning  electrodes,  neutralizing  wall  charges  at  all  the  pix- 
els.  55 

In  the  address  period,  the  scanning  driver  32  gener- 
ates  negative  scanning  pulses  Vb  successively  for  the 
scanning  electrodes  Y1  ~  Yn.  In  timed  relation  to  the 

negative  scanning  pulses  Vb,  the  address  driver  34 
generates  a  positive  address  voltage  pulse  Va  corre- 
sponding  to  the  display  data  for  each  of  the  address 
electrodes.  At  this  time,  the  X  electrodes  are  kept  at  a 
voltage  Va  by  the  X  common  driver  31.  In  the  address 
period,  therefore,  a  plasma  discharge  is  generated 
between  the  scanning  electrodes  1  1  and  the  address 
electrodes  21  at  pixels  corresponding  to  the  image  data. 
Each  time  the  scanning  electrodes  are  successively 
scanned  downwardly,  the  address  driver  34  generates 
an  H  level  (Va(V))  or  an  L  level  (0(V))  to  be  applied  to  the 
address  electrodes  21  based  on  charges  and  dis- 
charges  according  to  the  display  data. 

For  those  pixels  which  have  been  discharged  in  the 
address  period,  wall  charges  due  to  discharges  are 
stored  on  the  dielectric  layer  1  4. 

In  the  sustained  discharge  period,  sustaining  volt- 
age  pulses  Vs  are  generated  and  applied  alternately  to 
all  the  X  electrodes  and  the  scanning  electrodes  (Y 
electrodes)  by  the  X  common  driver  31  and  the  Y  com- 
mon  driver  33.  The  sustaining  voltage  pulses  Vs  cause 
only  those  pixels  which  have  been  discharged  and  have 
stored  wall  charges  in  the  address  period  to  repeat  dis- 
charging  between  the  X  electrodes  and  the  scanning 
electrodes.  By  controlling  the  number  of  sustaining  volt- 
age  pulses,  the  brightness  of  the  pixels  is  controlled. 
Image  gradations  are  displayed  based  on  a  combination 
of  sustained  discharge  periods  in  a  plurality  of  sub- 
frames. 

Prior  to  describing  the  principles  used  in  this 
embodiment,  generated  and  applied  to  the  address 
electrodes  21  will  first  be  described  below.  For  generat- 
ing  and  applying  pulses  to  the  address  electrodes  21, 
as  shown  in  FIG.  2,  it  is  necessary  to  charge  and  dis- 
charge  capacitances  Ca  between  adjacent  ones  of  the 
address  electrodes  21  and  capacitances  Cg  between 
the  address  electrodes  21  and  the  scanning  electrodes 
1  1  and  the  X  electrodes  1  2  both  of  which  confront  the 
address  electrodes  21  . 

FIG.  5  shows  a  pattern  which  is  displayed  when 
such  charging  and  discharging  of  the  capacitances  take 
place  most  frequently.  Of  the  pixels  at  the  points  of  inter- 
section  between  the  Y  electrodes  and  the  address  elec- 
trodes,  only  those  pixels  which  are  represented  by 
circles  are  energized  (discharged),  and  the  other  pixels 
are  not  energized.  The  energized  pixels  are  arranged  in 
a  zigzag  grid  pattern.  For  such  a  zigzag  grid  display  pat- 
tern  in  a  non-interlaced  display  mode,  the  scanning 
electrodes  Y  are  scanned  sequentially  downwardly  and 
address  pulses  Va  according  to  the  display  data  are 
applied  to  the  address  electrodes  in  synchronism  with 
the  scanning  of  the  scanning  electrodes  Y.  To  display 
the  above  zigzag  grid  display  pattern,  therefore,  the 
address  electrodes  are  required  to  be  charged  and  dis- 
charged  most  frequently.  In  an  interlaced  display  mode, 
charging  and  discharging  occur  most  frequently  for  dis- 
playing  a  zigzag  grid  display  pattern  on  every  other  two 
pixels. 

4 
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FIG.  6  shows  an  equivalent  circuit  at  the  time  a 
capacitance  Ca  between  adjacent  two  of  the  address 
electrodes  is  charged  and  discharged.  FIG.  7  shows 
drive  pulse  signals  in  an  address  period  for  the  above 
zigzag  grid  display  pattern:  FIG.  8  shows  an  equivalent 
circuit  for  determining  an  amount  of  consumed  electric 
power  when  the  drive  pulse  signals  shown  in  FIG.  7  are 
to  be  applied  in  the  circuit  shown  in  FIG.  6.  The  electric 
power  consumed  when  the  capacitance  Ca  between 
the  adjacent  address  electrodes  is  charged  and  dis- 
charged  in  FIGS.  6  through  7  is  determined  as  follows: 

For  displaying  the  zigzag  grid  display  pattern  shown 
in  FIG.  5,  it  is  necessary  to  apply  pulse  signals  of  oppo- 
site  polarities  to  adjacent  address  electrodes  A;,  Ai+1 
shown  in  FIG.  7.  As  shown  in  FIG.  7,  the  pulse  signal 
applied  to  the  address  electrode  Aj  is  of  an  L  level  and 
the  pulse  signal  applied  to  the  address  electrode  Ai+1  is 
of  an  H  level  at  a  time  t0  when  a  scanning  electrode  Yj_i 
is  selected,  and  the  pulse  signal  applied  to  the  address 
electrode  A;  is  inverted  to  an  H  level  and  the  pulse  signal 
applied  to  the  address  electrode  Ai+1  is  inverted  to  an  L 
level  at  a  time  ti  when  a  next  scanning  electrode  Yj  is 
selected.  Therefore,  when  the  address  pulse  changes 
its  level  from  the  time  t0  to  the  time  ti  ,  as  shown  in  FIG. 
6,  a  current  iai  flows  from  a  power  supply  Va  of  a  driver 
40  of  the  address  electrode  A;  through  a  parasitic  resist- 
ance  Ra,  which  includes  an  on-state  resistance  of  a 
switching  element  in  the  driver  40  and  the  resistance  of 
interconnections  of  the  address  electrode  Aj,  etc.,  into 
the  capacitance  Ca,  thereby  charging  the  capacitance 
Ca.  The  capacitance  Ca  is  discharged  when  a  current 
ia1  flows  from  the  capacitance  Ca  through  a  parasitic 
resistance  Ra  to  a  ground  power  supply  of  a  driver  41  of 
the  address  electrode  Ai+1.  The  relationship  between 
the  current  iai  ,  the  capacitance  Ca,  and  the  resistance 
Ra  with  respect  to  the  charging  and  discharging  of  the 
capacitance  Ca  is  expressed  by  the  equivalent  circuit 
shown  in  FIG.  8.  Since  the  current  ia1  flows  the  two 
series-connected  resistances  Ra  as  shown  in  FIG.  6, 
the  resistance  is  indicated  by  2Ra  in  FIG.  8.  The  charg- 
ing  and  discharging  of  the  address  electrodes  40,  41 
means  that  the  capacitance  Ca  is  charged  from  -  Va  to 
+  Va  when  the  power  supply  Va  is  connected  to  the 
capacitance  Ca  at  the  time  a  switch  SW  is  closed  as 
shown  in  FIG.  8. 

The  amount  of  electric  power  consumed  from  the 
time  t0  to  the  time  ti  is  calculated  according  to  the  model 
shown  in  FIG.  8.  The  current  iai  is  indicated  by  2Va/2Ra 
at  the  time  t0  after  the  address  pulses  changes  their  lev- 
els.  When  t>  0,  the  current  ia1  is  reduced  according  to 
an  exponential  function  with  a  constant  of  2CaRa. 
Therefore,  the  current  iai  is  expressed  by: 

2Va  '  Va  ' 
i  a1  =  e-2CaRa  =  —  e-2CaRa  (1) 

Since  the  time  constant  is  large  as  indicated  at  iai  in 

FIG.  1  1  (described  later  on),  the  current  ia1  has  a  wave- 
form  with  a  long  duration  time. 

An  amount  of  energy  Ea1  which  is  supplied  from  the 
power  supply  to  apply  one  address  pulse  is  expressed 

5  by: 

Ea1  =  JVaia1dt  =  ^ - J e 5 c i R i d t   (2) 
0  0 

10  2  t 
=  ^   (-2CaRa)^e^2CaRaj^  =  2CaVaz 

If  it  is  assumed  that  the  frame  frequency  is  repre- 
15  sented  by  F  and  the  number  of  scanning  electrodes  by 

Yn,  then  the  capacitance  Ca  is  charged  Yn/2  times  per 
frame  for  the  address  electrode  Ai,  an  amount  of  electric 
power  Pa-|(w)  consumed  per  unit  time  is  expressed  by: 

20  ?  Yn 
Pai  =  2CaVa2F^  (3) 

In  order  to  apply  address  pulses  of  opposite  polari- 
25  ties  simultaneously  to  the  adjacent  address  electrodes 

A;,  Ai+1,  therefore,  a  charging  current  is  supplied  from 
the  power  supply  Va  to  the  capacitance  Ca  between  the 
adjacent  address  electrodes  Aj,  Ai+1  from  -  Va  to  +  Va. 

FIG.  9  shows  an  equivalent  circuit  at  the  time  a 
30  capacitance  Cg  between  an  X  electrode  and  a  scanning 

electrode  which  are  opposite  to  an  address  electrode  is 
charged.  FIG.  10  shows  drive  pulse  signals  applied  in 
an  address  period  to  the  capacitance  Cg  for  displaying 
the  zigzag  grid  display  pattern.  FIG.  1  1  shows  the  wave- 

35  form  of  a  charging  current  in  the  equivalent  circuit 
shown  in  FIG.  9.  The  electric  power  consumed  when 
the  capacitance  Cg  between  the  address  electrode  and 
the  opposite  electrodes  is  charged  in  FIGS.  9  through 
1  1  is  determined  as  follows: 

40  Since  the  opposite  electrodes  are  kept  at  a  fixed 
potential  of  0  V  in  this  example,  the  equivalent  circuit 
shown  in  FIG.  9  is  relatively  simple.  The  equivalent  cir- 
cuit  shown  in  FIG.  9  illustrates  a  model  in  which  the 
capacitance  Cg  is  charged  with  a  current  ig  supplied 

45  from  the  driver  40  of  the  address  electrode  A;  through 
the  parasitic  resistance  Ra.  The  current  ig  is  repre- 
sented  by: 

Va  —L- 
50  \Q  =  =-e-CgRa  (4) 

Therefore,  as  shown  in  FIG.  11,  the  time  constant  is 
indicated  by  CgRa,  and  the  current  ig  ceases  relatively 

55  quickly.  Since  the  electrodes  opposite  to  the  address 
electrode  across  the  capacitance  Cg  are  kept  at  the 
fixed  ground  potential,  the  capacitance  Cg  is  charged 
from  0  V  to  Va. 

5 
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An  amount  of  energy  Eg  which  is  supplied  from  the 
power  supply  to  apply  one  address  pulse  is  expressed 
by: 

00  q  co  . 
Eg=|Vaigdt  =  ^-Je-cgRadt  (5) 

0  0 

=  ^   ( - C g R a ^ e ^ )   0  =  CgVa2 

If  it  is  assumed  that  the  frame  frequency  is  represented 
by  F  and  the  number  of  scanning  electrodes  by  Yn,  then 
the  capacitance  Cg  is  charged  Yn/2  times  per  frame  for 
the  address  electrode  Ai,  an  amount  of  electric  power  is 
Pg(w)  consumed  per  unit  time  is  expressed  by: 

Pg  =  CgVa2F^  (6) 

As  shown  in  FIG.  2,  the  capacitance  Ca  between 
adjacent  two  of  the  address  electrodes  covered  with  the 
dielectric  material  is  generally  about  twice  the  capaci- 
tance  Cg  between  an  address  electrode  and  the  elec-  25 
trades  opposite  thereto  with  discharge  gases  present 
therebetween.  Therefore,  as  can  be  seen  from  a  com- 
parison  between  the  equations  (3)  and  (6),  the  con- 
sumed  electric  power  Pa1  required  to  charge  the 
capacitance  Ca  has  a  large  proportion  in  the  total  con-  30 
sumed  electric  power  P  =  Pa1  +  Pg  required  to  apply 
an  address  pulse  to  the  address  electrode  A;.  The  total 
electric  power  consumption  for  energizing  the  address 
electrodes  can  thus  efficiently  be  reduced  by  reducing 
the  consumed  electric  power  Pa1  .  35 

FIG.  12  shows  an  equivalent  circuit  illustrative  of 
the  principles  of  the  present  embodiment.  As  described 
above  with  respect  to  the  charging  and  discharging  of 
the  capacitance  Ca  between  the  adjacent  address  elec- 
trodes,  since  pulses  of  opposite  polarities  are  applied  40 
simultaneously  to  the  adjacent  address  electrodes,  a 
charging  current  is  required  from  the  power  supply  Va  to 
charge  the  capacitance  Ca  up  to  the  voltage  2Va.  As 
indicated  by  the  arrow  in  FIG.  12,  immediately  prior  to 
the  application  of  an  address  pulse  from  the  time  t0,  45 
both  the  electrodes  across  the  capacitance  Ca  are 
short-circuited  to  equalize  the  potentials  at  the  elec- 
trodes.  Thereafter,  a  pulse  is  applied  to  the  address 
electrode.  In  this  manner,  it  is  sufficient  for  the  capaci- 
tance  Ca  to  be  charged  up  to  the  voltage  Va.  so 

FIG.  13  shows  the  waveforms  of  address  pulses 
according  to  the  principles  of  the  present  embodiment. 
As  shown  in  FIG.  13,  before  an  address  pulse  is  applied 
to  the  address  electrode  Aj,  the  address  pulse  applied 
to  the  address  electrode,  Ai+1  adjacent  to  the  address  55 
electrode  A;  is  terminated,  keeping  both  the  address 
electrodes  at  the  ground  potential.  This  means  that  both 
the  electrodes  across  the  capacitance  Ca  are  short- 

circuited  through  ground  points  of  the  drivers  40,  41  at  a 
time  t'0  in  FIG.  13.  As  a  result,  the  potential  of  the 
address  electrode  Ai+1  which  is  higher  than  the  potential 
of  the  address  electrode  Aj  by  Va  at  the  time  t0  is  equiv- 
alent  to  the  potential  of  the  address  electrode  Aj  at  the 
time  t'0.  The  same  effect  appears  when  both  the 
address  pulses  applied  to  the  respective  electrodes  are 
of  an  H  level  (the  level  of  the  voltage  of  the  power  supply 
Va)  at  the  time  t'0  . 

FIGS.  14A  through  14C  show  equivalent  circuits 
corresponding  to  the  equivalent  circuit  shown  in  FIG.  8. 
As  shown  in  FIG.  14A,  the  capacitance  Ca  is  charged  in 
the  illustrated  direction  at  the  time  t0.  At  the  time  t'0  ,  as 
shown  in  FIG.  14B,  the  capacitance  Ca  is  connected  to 
ground  and  discharged,  with  its  electrodes  approaching 
the  ground  potential  or  being  held  at  the  ground  poten- 
tial.  From  the  time  t'0  to  the  time  ti,  the  capacitance  Ca 
is  charged  up  to  the  voltage  Va  with  a  current  ia2  sup- 
plied  from  the  power  supply  Va,  as  shown  in  FIG.  14C. 

Based  on  the  above  principles,  an  amount  of  elec- 
tric  power  consumed  for  energizing  the  address  elec- 
trodes  according  to  the  present  embodiment  is 
determined  as  follows:  The  charging  current  ia2  is 
expressed  by: 

Va  ' 
'a2  =  oR ê"2CaRa  (?) 

The  voltage  to  which  the  capacitance  Ca  is  charged  is 
Va,  not  2Va  unlike  the  conventional  arrangement.  As 
indicated  by  ia2  in  FIG.  1  1  ,  the  time  constant  for  the  cur- 
rent  ia2  is  2CaRa,  which  is  the  same  as  the  time  con- 
stant  for  the  current  iai  .  However,  the  current  ia2  has  an 
initial  peak  value  which  is  half  the  initial  peak  value  of 
the  current  iai  .  Therefore,  the  waveform  of  the  current 
ia2  is  relatively  small.  An  amount  of  energy  Ea2  which  is 
supplied  from  the  power  supply  to  apply  one  address 
pulse  is  expressed  by: 

00  5  co  . r  Va  r  X 
Ea2  =  |Va ia2d t= | | i   Je-2CaRadt  (8) 

0  0 
..  2  , 

=  |R^(-2CaRa)(e:2CaRa)   ̂ =  CaVa2 

As  a  consequence,  an  amount  of  electric  power  Pa2(w) 
consumed  per  unit  time  is  expressed  by: 

Pa2  =  CaVa2F^  (9) 

As  seen  by  comparing  the  equations  (3)  and  (9), 
the  amount  of  consumed  electric  power  required  to 
charge  the  capacitance  between  the  adjacent  address 
electrodes  is  reduced  to  1/2.  The  above  calculations  are 
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based  on  the  assumption  that  the  capacitance  Ca  is 
fully  discharged  at  the  time  t'0  .  Therefore,  the  amount 
by  which  the  consumed  electric  power  is  reduced 
becomes  smaller  as  the  period  of  the  time  t'0  is  shorter. 

FIG.  15  shows  various  relationships  W1  ~  W7  5 
between  the  waveforms  of  drive  pulses  applied  to  the 
adjacent  address  electrodes.  FIG.  16  is  a  graph  show- 
ing  relative  values  of  electric  power  consumed  by  the 
address  driver  in  the  relationships  W1  ~  W7. 

In  FIG.  15,  the  drive  pulses  applied  respectively  to  10 
the  address  electrodes  Aj,  Ai+1  are  shown  as  rising  and 
falling  at  the  same  gradient.  In  the  relationship  W4,  the 
drive  pulses  simultaneously  start  rising  and  falling  and 
simultaneously  finish  rising  and  falling,  a  pattern  equiv- 
alent  to  the  conventional  pattern  described  with  refer-  is 
ence  to  FIGS.  6,  7;  and  8.  Therefore,  the  electric  power 
consumption  is  maximum  with  the  relationship  W4. 

In  the  relationship  W1  ,  after  the  falling  of  the  drive 
pulse  applied  to  the  address  electrode  Ai+1  ends,  the 
drive  pulse  applied  to  the  address  electrode  A;  starts  to  20 
rise.  In  the  relationship  W2,  the  drive  pulse  applied  to 
the  address  electrode  Ai+1  finishes  falling  and  the  drive 
pulse  applied  to  the  address  electrode  Aj  starts  rising 
substantially  at  the  same  time.  In  the  relationship  W3, 
the  drive  pulse  applied  to  the  address  electrode  Aj  starts  25 
to  rise  a  predetermined  time  after  the  drive  pulse 
applied  to  the  address  electrode  Ai+1  starts  falling.  In 
the  relationships  W1  ,  W2,  W3,  there  is  a  period  in  which 
the  drive  pulses  coincide  with  each  other  on  an  L  level 
side.  30 

In  the  relationship  W5,  the  drive  pulse  applied  to  the 
address  electrode  Ai+1  starts  to  fall  a  predetermined 
time  after  the  drive  pulse  applied  to  the  address  elec- 
trode  Aj  starts  rising.  In  the  relationship  W6,  the  drive 
pulse  applied  to  the  address  electrode  Ai+1  starts  falling  35 
and  the  drive  pulse  applied  to  the  address  electrode  Aj 
finishes  rising  substantially  at  the  same  time.  In  the  rela- 
tionship  W7,  after  the  rising  of  the  drive  pulse  applied  to 
the  address  electrode  Aj  ends,  the  drive  pulse  applied  to 
the  address  electrode  Ai+1  starts  to  fall.  In  the  relation-  40 
ships  W5,  W6,  W7,  there  is  a  period  in  which  the  drive 
pulses  coincide  with  each  other  on  an  H  level  side. 
Therefore,  the  capacitance  Ca  is  short-circuited  through 
the  power  supply  Va  or  its  common  interconnection. 

As  shown  in  FIG.  16,  the  electric  power  consump-  45 
tion  is  maximum  with  the  relationship  W4,  and  gradually 
decreases  toward  the  relationship  W1  or  W7.  This 
means,  as  described  above,  that  the  consumed  electric 
power  is  reduced  as  the  short-circuiting  period  at  the 
time  t'0  shown  in  FIG.  14  grows  longer.  The  reduction  in  so 
the  electric  power  consumption  is  saturated  when  a  cer- 
tain  time  difference  is  reached. 

FIG.  17  shows  a  general  address  driver  connected 
to  the  address  electrodes  Aj,  Ai+1.  As  shown  in  FIG.  17, 
the  address  driver  has  at  least  N-type  pull-up  transistors  55 
Q1,  Q11,  N-type  pull-down  transistors  Q2,  Q12,  and 
inverters  42,  43  for  applying  signals  of  opposite  polari- 
ties  to  the  gates  of  these  transistors.  When  the  pull-up 

transistors  Q1  is  turned  on,  the  potential  of  the  address 
electrode  Aj  is  increased  by  a  drive  current  44.  When 
pull-down  transistor  Q12  is  turned  on,  the  potential  of 
the  address  electrode  Ai+1  is  lowered  by  a  drive  current 
45.  Therefore,  the  relationships  W1  ~  W7  shown  in  FIG. 
15  can  be  achieved  by  varying  the  timing  with  which  the 
transistors  Q1  ,  Q1  2  shown  in  FIG.  17  are  turned  on. 

The  above  principle  is  also  effective  when  the  drive 
pulses  rise  and  fall  at  largely  different  respective  gradi- 
ents  even  if  they  rise  and  fall  at  the  same  time.  Such 
drive  pulses  may  be  drive  pulses  which  rise  quickly  but 
fall  slowly.  These  drive  pulses  can  be  generated  by,  for 
example,  increasing  the  size  of  the  pull-down  transistors 
(FIG.  17)  or  reducing  the  on-state  resistance  thereof, 
and  reducing  the  size  of  the  pull-up  transistors  or 
increasing  the  on-state  resistance  thereof,  thereby  mak- 
ing  the  time  constants  for  the  rising  and  falling  of  the 
drive  pulses  different  .  According  to  another  scheme, 
input  signals  at  a  stage  preceding  these  driver  transis- 
tors  may  have  different  gradients  to  make  the  time  con- 
stants  different  for  the  rising  and  falling  of  the  drive 
pulses. 

It  has  been  stated  above  that  the  electric  power 
consumption  is  large  when  the  drive  pulses  applied  the 
adjacent  address  electrodes  rise  and  fall  at  the  same 
time.  Heretofore,  the  drive  pulses  may  have  negligibly 
different  timings  or  may  rise  and  fall  at  negligibly  differ- 
ent  gradients  because  of  time  constant  variations  or 
transistor  size  variations.  According  to  the  principles 
explained  above,  however,  the  drive  pulses  have 
respective  timings  which  are  designed  so  as  to  be  inten- 
tionally  large  or  rise  and  fall  at  respective  gradients 
which  are  designed  so  as  to  be  largely  different  from 
each  other.  Alternatively,  the  drive  pulses  may  have  dif- 
ferent  timings  respectively,  and  rise  and  fall  at  different 
gradients,  respectively. 

In  an  example  of  PDP  which  was  experimentally 
confirmed  by  the  inventor,  the  electric  power  consump- 
tion  was  greatly  reduced  by  introducing  a  5  %  difference 
with  respect  to  the  pulse  durations  of  the  drive  pulses.  A 
larger  reduction  in  the  electric  power  consumption  was 
achieved  by  combining  the  direction  in  which  the  timings 
of  the  drive  pulses  differ  from  each  other  and  the  direc- 
tion  in  the  gradients  of  the  drive  pulses  differ  from  each 
other  according  to  the  principles  stated  above. 

Furthermore,  a  substantial  reduction  in  the  electric 
power  consumption  can  be  more  reliably  accomplished 
if  attention  is  directed  to  how  the  voltage  level  of  a  cross 
point  where  the  drive  pulses  applied  to  the  adjacent 
address  electrodes  change  to  opposite  phase  is  posi- 
tioned  relatively  to  a  higher  potential  level  (power  supply 
potential  level).  Specifically,  the  electric  power  con- 
sumption  can  be  reduced  by  making  the  potential  at  the 
cross  point  closer  to  the  higher  potential  level  (power 
supply  potential  level)  or  closer  to  the  lower  potential 
level  (ground  potential  level).  A  large  reduction  in  the 
electric  power  consumption  can  be  achieved  particu- 
larly  when  the  potential  at  the  cross  point  is  90  %  or 
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more  of  the  rising  or  falling  voltage  or  1  0  %  or  less  of  the 
rising  or  falling  voltage. 

A  person  skilled  in  the  art  usually  thinks  that  when 
a  pulse  rises  from  an  L  level,  it  starts  rising  from  the  L 
level  if  its  voltage  level  increases  past  1  0  %  of  the  ampli-  s 
tude  voltage,  and  it  finishes  rising  from  the  L  level  if  its 
voltage  level  increases  past  90  %  of  the  amplitude  volt- 
age  from  the  L  level,  and  that  when  a  pulse  falls  from  an 
H  level,  it  starts  falling  from  the  H  level  if  its  voltage  level 
decreases  past  90  %  of  the  amplitude  voltage  and  fin-  w 
ishes  falling  if  its  voltage  level  decreases  past  10  %  of 
the  amplitude  voltage.  According  to  this  criterion,  if  the 
voltage  level  of  the  cross  point  is  10  %  or  less  of  the 
higher  potential  level,  then  the  drive  pulses  start  rising 
after  they  finish  falling,  and  if  the  voltage  level  of  the  is 
cross  point  is  90  %  or  more  of  the  higher  potential  level, 
then  the  drive  pulses  start  falling  after  they  finish  rising. 

FIGS.  26A  through  26F  show  the  waveforms  of 
drive  pulses  applied  to  the  adjacent  address  electrodes. 
In  either  one  of  the  illustrated  waveforms,  the  potential  20 
of  a  cross  point  CP  is  90  %  or  more  of  the  higher  poten- 
tial  level  or  10  %  or  less  of  the  higher  potential  level.  In 
FIGS.  26A  and  26B,  the  drive  pulse  applied  to  the 
address  electrode  Aj  rises  at  a  gradient,  and  the  drive 
pulse  applied  to  the  address  electrode  Ai+1  falls  sharply.  25 
In  FIGS.  26C  and  26D,  the  drive  pulse  applied  to  the 
address  electrode  Aj  rises  sharply,  and  the  drive  pulse 
applied  to  the  address  electrode  Ai+1  falls  at  a  gradient. 
In  FIGS.  26E  and  26F,  both  the  drive  pulses  applied  to 
the  address  electrodes  Aj,  Ai+1  rise  and  fall  at  gradients.  30 
Although  not  shown,  if  the  amplitudes  of  the  drive 
pulses  applied  to  the  address  electrodes  Aj,  Ai+1  differ 
from  each  other,  then  the  potential  of  the  cross  point  CP 
may  be  90  %  or  more  or  10  %  of  less  of  either  one  of  the 
amplitude  voltages  of  the  drive  pulses.  35 

With  the  drive  pulses  thus  designed,  the  electric 
power  consumed  by  the  address  driver  for  charging  the 
capacitance  between  the  adjacent  address  electrodes 
can  be  reduced  to  substantially  half  or  to  a  value  close 
thereto.  40 

Examples  of  drive  pulses: 

FIGS.  18  through  21  show,  by  way  of  example,  the 
waveforms  of  drive  pulses  applied  to  the  adjacent  45 
address  electrodes.  In  the  illustrated  examples,  the 
drive  pulses  rise  and  fall  vertically,  but  with  different  tim- 
ings.  In  FIGS.  18  through  21,  ti  ~  t7  indicate  times  at 
which  the  scanning  period  shown  in  FIG.  4  is  switched. 
The  illustrated  drive  pulses  are  applied  to  display  the  so 
zigzag  grid  display  pattern  shown  in  FIG.  5. 

In  FIG.  18,  there  is  a  period  in  which  both  the  drive 
pulses  applied  respectively  to  the  address  electrodes 
Aj,  Ai+i  are  of  an  L  level  at  each  of  the  times  ti  ~  t7.  The 
drive  pulses  shown  in  FIG.  18  have  the  same  relation-  ss 
ship  as  the  relationship  W1  shown  in  FIG.  15.  There- 
fore,  the  drive  pulses  have  a  low  duty  cycle.  The  driver 
circuit  shown  in  FIG.  17  is  designed  such  that  the  pull- 
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up  transistors  are  turned  on  at  a  later  time  and  the  pull- 
down  transistors  are  turned  on  at  an  earlier  time. 

In  FIG.  19,  there  is  a  period  in  which  both  the  drive 
pulses  applied  respectively  to  the  address  electrodes 
Aj,  Ai+i  are  of  an  H  level  (Va  level)  at  each  of  the  times 
ti  ~  t7.  The  drive  pulses  shown  in  FIG.  19  have  the 
same  relationship  as  the  relationship  W7  shown  in  FIG. 
1  5.  Therefore,  the  drive  pulses  have  a  high  duty  cycle. 
The  driver  circuit  shown  in  FIG.  17  is  designed  such  that 
the  pull-up  transistors  are  turned  on  at  an  earlier  time 
and  the  pull-down  transistors  are  turned  on  at  a  later 
time. 

In  FIG.  20,  there  is  a  period  in  which  both  the  drive 
pulses  applied  respectively  to  the  address  electrodes 
Aj,  Ai+i  are  of  an  L  level  at  each  of  the  times  t̂   t3,  t5,  t7, 
and  there  is  a  period  in  which  both  the  drive  pulses 
applied  respectively  to  the  address  electrodes  Aj,  Ai+1 
are  of  an  H  level  (Va  level)  at  each  of  the  times  t2,  t4,  t6. 
The  drive  pulses  shown  in  FIG.  19  have  the  same  rela- 
tionship  as  the  mixed  relationships  W1,  W7  shown  in 
FIG.  15.  The  driver  circuit  shown  in  FIG.  20  is  designed 
such  that  the  pull-up  transistors  and  the  pull-down  tran- 
sistors  of  the  drive  circuit  for  the  address  electrode  Aj 
are  turned  on  at  a  later  time,  and  the  pull-up  transistors 
and  the  pull-down  transistors  of  the  drive  circuit  for  the 
address  electrode  Ai+1  are  turned  on  at  an  earlier  time. 

The  waveforms  of  the  drive  pulses  shown  in  FIG.  21 
are  contrary  to  the  waveforms  of  the  drive  pulses  shown 
in  FIG:  20.  Whereas  the  drive  pulse  for  the  address 
electrode  Aj  is  applied  later  and  the  drive  pulse  for  the 
address  electrode  Ai+1  is  applied  earlier  in  FIG.  20,  the 
drive  pulse  for  the  address  electrode  Aj  is  applied  earlier 
and  the  drive  pulse  for  the  address  electrode  Ai+1  is 
applied  later  in  FIG.  21. 

FIGS.  18  through  21  also  show  a  drive  pulse  for  the 
scanning  electrodes  Y  in  addition  to  the  drive  signals  for 
the  address  electrodes  Aj,  Ai+1.  In  FIG.  18,  the  drive 
pulse  for  the  scanning  electrodes  Y  has  a  duration 
which  is  not  reduced  because  there  is  no  period  in 
which  both  the  drive  pulses  for  the  address  electrodes 
Aj,  Ai+i  are  of  an  H  level.  In  FIGS.  19  ~  21  ,  however,  the 
scanning  electrodes  Y  are  not  energized  to  a  negative 
level  in  a  period  in  which  both  the  drive  pulses  for  the 
address  electrodes  Aj,  Ai+1  are  of  an  H  level.  This  is 
because  if  the  scanning  electrodes  Y  were  of  an  H  level 
when  both  the  adjacent  address  electrodes  Aj,  Ai+1  are 
of  a  negative  level,  then  a  discharge  voltage  would  be 
applied  to  both  the  address  electrodes,  energizing 
them. 

FIGS.  22  and  23  show,  by  way  of  example,  the 
waveforms  of  other  drive  pulses  applied  to  the  adjacent 
address  electrodes.  In  the  waveforms  of  other  drive 
pulses  shown  in  FIGS.  22  and  23,  the  drive  pulses  rise 
and  fall  at  different  gradients. 

In  FIG.  22,  the  drive  pulses  rise  gradually  and  fall 
sharply.  Even  if  the  drive  pulses  applied  to  the  adjacent 
address  electrodes  start  to  rise  and  fall  at  the  same 
time,  the  principles  explained  above  apply  when  the 
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drive  pulses  rise  and  fall  at  different  gradients.  The  elec- 
tric  power  consumption  can  greatly  be  reduced  if  the 
drive  pulses  rise  gradually  and  start  rising  at  a  delayed 
time  as  indicated  by  the  broken  lines  in  FIG.  22. 

In  FIG.  23,  the  drive  pulses  rise  sharply  and  fall  s 
gradually.  The  electric  power  consumption  can  greatly 
be  reduced  if  the  drive  pulses  start  falling  at  a  delayed 
time  as  indicated  by  the  broken  lines  in  FIG.  23.  In  the 
example  shown  in  FIG.  23,  the  pulse  duration  of  the 
drive  pulse  applied  to  the  scanning  electrodes  is  10 
reduced  because  there  are  periods  in  which  both  the 
drive  pulses  for  the  adjacent  address  electrodes  are  of 
an  H  level. 

It  has  been  stated  above  with  respect  to  the  above 
waveforms  of  the  drive  pulses  that  the  electric  power  is 
consumption  is  greatly  reduced  when  the  drive  pulses 
are  applied  at  differently  times  or  start  to  rise  and  fall  at 
different  gradients.  In  the  address  period,  charges  gen- 
erated  by  plasma  discharges  are  left  as  wall  charges, 
and  sustained  discharges  are  generated  when  the  volt-  20 
age  in  the  sustained  discharge  period  is  added  to  the 
voltage  caused  by  the  wall  charges.  Therefore,  it  is  nec- 
essary  to  supply  an  amount  of  energy  large  enough  to 
cause  sufficient  sustained  discharges  in  the  address 
period.  No  sufficient  amount  of  such  energy  is  available  25 
if  the  period  in  which  both  the  drive  pulses  are  of  an  L 
level  is  too  long.  If  the  period  in  which  both  the  drive 
pulses  are  of  an  H  level  is  long,  then  the  scanning  pulse 
duration  becomes  shorter,  with  the  result  that  the 
amount  of  energy  for  causing  sufficient  sustained  dis-  30 
charges  becomes  insufficient.  Preferably,  therefore,  the 
address  driver  is  designed  to  reduce  the  electric  power 
consumption  to  a  maximum  degree  while  keeping  those 
periods  in  balance. 

FIGS.  24A  and  24B  show  the  waveforms  of  more  35 
realistic  drive  pulses  for  the  address  electrodes.  In  FIG. 
24A,  the  drive  pulses  start  to  rise  and  fall  substantially 
at  the  same  time.  In  FIG.  24B,  one  of  the  drive  pulses 
starts  to  rise  later  than  the  other  drive  pulse  starts  to  fall. 

In  FIG.  24A,  the  drive  pulses  rise  at  a  somewhat  40 
low  gradient.  Although  usual  address  drivers  need  more 
time  for  the  pull-up  transistors  to  be  energized  than  the 
pull-down  transistors,  it  is  not  possible  to  reduce  a  suffi- 
cient  amount  of  consumed  electric  power  with  the  low 
gradient  at  which  the  drive  pulses  rise.  45 

The  voltage  level  of  the  cross  point  in  FIG.  24A  is  1  6 
V  which  is  much  higher  than  6  V  that  is  10  %  of  the 
higher  voltage  of  60  V.  Therefore,  any  reduction  in  the 
electric  power  consumption  is  small  with  the  drive  pulse 
waveforms  shown  in  FIG.  24A.  so 

In  FIG.  24B,  since  one  of  the  drive  pulses  starts  to 
rise  later  than  the  other  drive  pulse  starts  to  fall,  the  con- 
sumed  electric  power  can  be  reduced  by  a  sufficient 
amount. 

When  the  drive  signals  rise  and  fall,  respectively,  ss 
the  delay  of  one  of  the  drive  pulses  from  the  other  drive 
pulse  at  a  voltage  level  of  50  %  is  about  65  nsec.  in  FIG. 
24A  and  about  180  nsec.  in  FIG.  24B.  In  FIGS.  24A  and 

24B,  the  pulse  duration  is  about  3000  nsec.  and  the 
delay  of  180  nsec.  in  FIG.  24B  is  more  than  5  %  of  the 
pulse  duration. 

The  voltage  level  of  the  cross  point  in  FIG.  24B  is  2 
V  which  is  sufficiently  smaller  than  6  V  that  is  10  %  of 
the  higher  voltage  of  60  V.  Therefore,  a  large  reduction 
in  the  electric  power  consumption  can  be  achieved  with 
the  drive  pulse  waveforms  shown  in  FIG.  24B. 

Address  driver: 

FIG.  25  specifically  shows  details  of  the  address 
driver.  In  FIG.  25,  an  N-type  pull-up  transistor  N2  and  an 
N-type  pull-down  transistor  N1  are  connected  to  an  out- 
put  terminal  DO  which  is  connected  to  the  address  elec- 
trode  Aj.  A  display  data  signal  Data  is  supplied  through 
a  NAND  gate  54  and  an  inverter  55  to  the  gate  of  the 
pull-down  transistor  N1.  When  the  display  data  signal 
Data  is  of  an  H  level,  the  gate  voltage  of  the  pull-down 
transistor  N1  goes  high,  rendering  the  pull-down  tran- 
sistor  N1  conductive.  Therefore,  the  potential  of  the 
address  electrode  Aj  is  lowered  to  the  ground  potential 
through  a  diode  D3. 

The  pull-up  transistor  N2  has  a  source  connected  to 
the  address  electrode  Aj  through  the  output  terminal 
DO.  Therefore,  the  pull-up  transistor  N2  needs  to 
remain  conductive  even  when  the  potential  of  the 
source  increases  to  a  level  close  to  the  potential  of  the 
power  supply  Va.  A  voltage  chose  to  the  potential  of  the 
power  supply  Va  is  applied  to  the  gate  of  the  pull-up 
transistor  N2  through  an  N-type  transistor  N3,  a  P-type 
transistor  P1,  and  resistors  R1  ~  R4.  When  the  display 
data  signal  Data  is  of  an  L  level,  the  transistor  N3  is 
energized,  and  a  low  voltage  divided  by  the  resistors 
R1,  R2  is  applied  the  gate  of  the  P-type  transistor  P1. 
As  a  result,  the  P-type  transistor  P1  is  energized, 
increasing  the  gate  voltage  of  the  transistor  N2  to  a  level 
close  to  the  potential  of  the  power  supply  Va,  where- 
upon  the  transistor  N2  is  rendered  conductive. 

The  time  at  which  the  pull-up  transistor  N2  is  turned 
on  is  later  than  the  time  at  which  the  pull-down  transistor 
N1  is  turned  on  because  the  P-type  transistor  P1  is 
inserted.  For  making  the  present  invention  more  effec- 
tive,  the  inverter  53  may  have  a  function  to  delay  a  sig- 
nal  passing  therethrough.  A  timing  clock  elk  may  differ 
between  odd-numbered  address  electrodes  and  even- 
numbered  address  electrodes  to  shift  the  drive  pulses 
as  shown  in  FIGS.  20  and  21  . 

In  the  above-described  embodiment,  the  voltage 
level  of  the  scanning  electrodes  Y  in  the  address  period 
need  not  be  limited  to  the  ground  potential  shown  in 
FIG.  4,  but  may  be  set  to  an  arbitrary  potential  such  as 
a  negative  potential  or  the  like. 

As  described  above,  the  electric  power  consumed 
by  the  address  driver  of  the  PDP  can  greatly  be  reduced 
by  the  above-described  measures.  Therefore,  it  is  pos- 
sible  to  provide  a  power-saving  flat  display  panel. 

Although  certain  preferred  embodiments  of  the 
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present  invention  have  been  shown  and  described  in 
detail,  it  should  be  understood  that  various  changes  and 
modifications  may  be  made  therein  without  departing 
from  the  scope  of  the  appended  claims. 

Claims 

1  .  A  display  apparatus  comprising: 

a  flat  display  panel  having  a  plurality  of  address 
electrodes  and  a  plurality  of  scanning  elec- 
trodes  extending  transversely  to  said  address 
electrodes  and  disposed  in  confronting  relation 
to  said  address  electrodes; 
a  scanning  electrode  driver  for  successively 
supplying  scanning  pulses  to  said  scanning 
electrodes  with  scanning  timing;  and 
an  address  driver  for  supplying  address  pulses 
according  to  display  data  to  said  address  elec- 
trodes  in  synchronism  with  said  scanning  tim- 
ing; 

wherein  said  address  electrodes  include 
first  and  second  address  electrodes  disposed 
adjacent  to  each  other,  and  the  address  pulse 
applied  to  said  first  address  electrode  rises  and 
the  address  pulse  applied  to  said  second 
address  electrode  falls  with  a  predetermined 
time  difference  therebetween. 

2.  A  display  apparatus  according  to  claim  1  ,  wherein 
said  address  driver  energizes  said  address  elec- 
trodes  such  that  the  address  pulse  applied  to  said 
second  address  electrode  starts  falling  a  predeter- 
mined  time  after  said  address  pulse  applied  to  said 
first  address  electrode  starts  rising. 

3.  A  display  apparatus  according  to  claim  1  ,  wherein 
said  address  driver  energizes  said  address  elec- 
trodes  such  that  the  address  pulse  applied  to  said 
first  address  electrode  starts  rising  a  predeter- 
mined  time  after  said  address  pulse  applied  to  said 
second  address  electrode  starts  falling. 

4.  A  display  apparatus  according  to  claim  1  ,  wherein 
said  address  driver  energizes  said  address  elec- 
trodes  such  that  the  address  pulse  applied  to  said 
second  address  electrode  starts  falling  after  said 
address  pulse  applied  to  said  first  address  elec- 
trode  finishes  rising. 

5.  A  display  apparatus  according  to  claim  1  ,  wherein 
said  address  driver  energizes  said  address  elec- 
trodes  such  that  the  address  pulse  applied  to  said 
first  address  electrode  starts  rising  after  said 
address  pulse  applied  to  said  second  address  elec- 
trode  finishes  falling. 

6.  A  display  apparatus  according  to  claim  1  ,  wherein 

said  address  driver  generates  said  predetermined 
time  difference  by  energizing  said  address  elec- 
trodes  such  that  the  address  pulses  applied  to  said 
first  and  second  address  electrodes  rise  at  a  gradi- 

5  ent  smaller  than  a  gradient  at  which  the  address 
pulses  applied  to  said  first  and  second  address 
electrodes  fall. 

7.  A  display  apparatus  according  to  claim  1  ,  wherein 
10  said  address  driver  generates  said  predetermined 

time  difference  by  energizing  said  address  elec- 
trodes  such  that  the  address  pulses  applied  to  said 
first  and  second  address  electrodes  rise  at  a  gradi- 
ent  larger  than  a  gradient  at  which  the  address 

is  pulses  applied  to  said  first  and  second  address 
electrodes  fall. 

8.  A  display  apparatus  according  to  any  preceding 
claim,  wherein  said  address  driver  has  a  pull-up 

20  transistor  and  a  pull-down  transistor  which  are  con- 
nected  to  said  address  electrodes,  and  said  pull-up 
transistor  and  said  pull-down  transistor  are  ener- 
gized  at  respective  times  which  differ  from  said 
scanning  timing  by  said  predetermined  time  differ- 

25  ence. 

9.  A  display  apparatus  according  to  claim  8,  wherein 
said  pull-up  transistor  is  energized  later  than  said 
pull-down  transistor  with  respect  to  said  scanning 

30  timing. 

10.  A  display  apparatus  according  to  claim  8,  wherein 
said  pull-up  transistor  is  energized  earlier  than  said 
pull-down  transistor  with  respect  to  said  scanning 

35  timing. 

11.  A  display  apparatus  according  to  any  preceding 
claim,  wherein  the  apparatus  is  a  PDP  (plasma  dis- 
play  panel)  in  which  a  discharge  space  is  defined 

40  between  the  scanning  electrodes  and  address  elec- 
trodes. 

12.  A  display  apparatus  according  to  claim  1  1  ,  wherein 
said  address  driver  is  designed  such  that  said  pre- 

45  determined  time  difference  is  effective  to  substan- 
tially  reduce  an  amount  of  electric  power  consumed 
by  said  address  driver  to  charge  a  capacitance 
between  said  first  and  second  address  electrodes. 

so  13.  A  display  apparatus  according  to  any  preceding 
claim,  wherein  the  voltage  at  a  cross  point  between 
said  address  pulse  applied  to  said  first  address 
electrode  as  it  rises  and  said  address  pulse  applied 
to  said  second  address  electrode  as  it  falls  is  at 

55  most  about  1  0%  of  a  voltage  to  which  said  address 
pulse  applied  to  said  first  address  electrode  rises  or 
said  address  pulse  applied  to  said  second  address 
electrode  falls. 
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14.  A  display  apparatus  according  to  any  preceding 
claim,  wherein  the  voltage  at  a  cross  point  between 
said  address  pulse  applied  to  said  first  address 
electrode  as  it  rises  and  said  address  pulse  applied 
to  said  second  address  electrode  as  it  falls  is  at  5 
least  about  90%  of  a  voltage  to  which  said  address 
pulse  applied  to  said  first  address  electrode  rises  or 
said  address  pulse  applied  to  said  second  address 
electrode  falls. 

55 
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